The aim of this study was to evaluate the effect of carbofuran on the levels of certain biomarkers in heart of rat exposed to sublethal concentrations of pesticide for 30 days after each interval of 24 h. The ameliorative effect of vitamin C by pretreatment of rats was also monitored. The results indicated that the activities of acetylcholinesterase and lactate dehydrogenase (LDH) decreased significantly in rat heart tissues, the extent of inhibition being concentration dependent. In contrast, the level of LDH increased in serum. The levels of malondialdehyde, total thiols, and glutathione were significantly elevated whereas the activities of antioxidant enzymes such as superoxide dismutase, catalase, and glutathione-S-transferase were remarkably decreased in rat heart tissues. The serum concentrations of cholesterol increased by 47 and 77% and high density lipids decreased by 35 and 64%, respectively, due to exposure to 5 and 10% LD 50 of carbofuran. The prior treatment of rats with vitamin C (100 mg kg −1 body weight) exerted significant ameliorative effect. The recovery was higher at low carbofuran concentration (5%) tested. The results indicated that carbofuran induced oxidative stress and caused damage to cardiac tissues, which could be recovered by prior application of vitamin C.
Introduction
The pesticides have been widely used since past few decades to improve the yield of agricultural and forestry plant products. It is also used to protect the industry and household items. The use of pesticide is not specific which may lead to number of toxicological consequences to the environmental components [1] . The lower toxicity and lesser environmental persistence of organocarbamates have led their application more frequent than any other pesticide such as organophosphate (OP), organochlorines (OCl). The OP pesticides inactivate acetylcholinesterase (AChE) via irreversible ester bond formation with hydroxyl group of serine residue present at the active site of enzyme. AChE is responsible for hydrolyzing the neurotransmitter, acetylcholine (ACh), in central as well as in peripheral nervous systems [2] . The mechanism of action of organochlorine pesticides such as lindane ( -hexachlorocyclohexane) is hyperexcitability [3] by both stimulating the synaptic transmission and suppressing the GABAactivated chloride current by interacting with the receptor GABA-chloride channel complex [4] . The organocarbamate pesticides cause reversible inhibition of AChE by carbamylation of serine residue of AChE. The inhibition is therefore short lived. Thus, it causes relatively low toxicity as compared to OP and organochlorine pesticides [5] .
Carbofuran (C 12 H 15 NO 3 ; 2,3-dihydro-2,2-dimethyl-7-benzofuranol methylcarbamate), commonly known as furadan, is a broad spectrum carbamate pesticide which is used in various farm practices in order to increase crop productivity. Due to its broad spectrum action and short half-life in the environment, it is also used as an insecticide, nematicide, and acaricide [6, 7] . The presence of carbofuran is also reported in the nontarget mammalian systems such as maternal plasma, umbilical cord, and blood of African-American women and new born babies, respectively [8] . It has been shown to be generally accumulated in the fat depots and to exert adverse effects on different vital organs such as brain, liver, skeletal muscles, and heart [5, 6, 9] . The neuronal injury of mammalian system due to carbofuran is due to the establishment of oxidative stress. Rai et al. (2011) reported that 2 ISRN Oxidative Medicine oral dose administration of carbofuran causes neuronal injury which was mitigated by the administration of aqueous extract of Cynodon dactylon and vitamin C [10] . Yang and Dettbarn established the correlation between accumulation of acetylcholine and the extent of lipid peroxidation [11] .
The underlying mechanism of pesticide toxicity relies on generation of oxidative stress [2] . The administration of carbofuran has been found to induce reactive oxygen and nitrogen species in skeletal muscles [1] . Reactive oxygen species and/or free radicals are responsible for the peroxidation of membrane phospholipids which disrupt the normal function of lipid bilayer and help develop several pathological conditions. The alterations in the membrane lipids can also influence the function of membrane-bound ion-motive ATPases such as Na + -K + -ATPase and Ca 2+ -ATPase [12] [13] [14] .
Padilla et al. reported that single sublethal doses of seven N-methylcarbamate pesticides (carbaryl, carbofuran, formetanate, methiocarb, methomyl, oxamyl, or propoxur) caused AChE inhibition in the brain and red blood cells which recovered within 24 h [15] after the withdrawal of the pesticide. The earlier experimental results from our and other laboratories have established that carbofuran treatment was able to inhibit AChE activity and also to produce oxidative stress by enhancing level of malondialdehyde (MDA) and significantly altering the activities of antioxidant enzymes such as superoxide dismutase (SOD), catalase, and glutathione-Stransferase (GST) in liver [5] , brain [10, 16] , kidney [17] , and erythrocytes [9, 18] . These studies suggested that the intensity of the inhibition of AChE showed positive correlation with the level of MDA.
The mechanism of action of antioxidant compounds follows one or more than one type of mechanisms to reduce the impact of the oxidative stress induced in living systems, scavenge free radicals by forming complexes with pro-oxidants and thereby quenching the free radical species due to the exposure to any physical or chemical agents. The biological system comprises two types of antioxidants, nonenzymatic molecules like glutathione and vitamins (C, D, and E) and the enzymatic indices such as SOD, catalase, and GST [19] . Ascorbic acid (vitamin C) is a nonenzymatic antioxidant which exhibits the property to potentially scavenge free radicals from extracellular fluids thereby offering protection of membrane lipid bilayer from peroxidative damage [9, 20] .
Though it has been reported that the rat heart has a limited antioxidant defense system hence it is more prone to the oxidative damage by OP pesticides [21] , there is no information available to indicate the induction of oxidative stress due to introduction of repeated doses of subacute concentrations of carbofuran as well as mitigation of the pesticide induced toxicity by vitamin C. Keeping this fact in view, the present study was envisaged by treating the rats with two subacute concentrations (5% and 10% LD 50 value) of carbofuran for a longer period (up to 30 days) at the interval of 24 h. The levels of oxidative as well as antioxidative indices were monitored in the heart of the animal. The influence of pretreatment of rats with vitamin C onto the impact of carbofuran on the above oxidative biomarkers in heart of the rats was also evaluated.
Materials and Methods

Chemicals.
Carbofuran (2,3-dihydro-2,2-dimethyl-7-benzofuranyl N-methylcarbamate) technical grade 99.6% pure in powered form was a kind gift from Rallis India Limited, Bangalore, India. Edible groundnut oil was purchased from the local market. All other chemicals used were of analytical grade.
2.2.
Animals. Thirty male Wister rats weighing 100 to 120 g and age of 7 to 8 weeks were purchased from Central Drug Research Institute (CDRI), Lucknow, India. All animals were housed in polypropylene cage under ambient environmental conditions. Animals were fed standard pellet diet (Dayal Industries Limited, Lucknow, India) along with water ad libidum. The protocols for maintenance, care, and treatment of animals were followed as per the provisions laid down by the Institutional Animal Ethical Committee.
Experimental Design.
Thirty male Wister rats were divided into six groups and each group contained five animals.
Control. The group received only 0.5 mL groundnut oil orally, 30 days at the interval of 24 h.
5% Carbofuran (5% CF).
The group received 5% of LD 50 , that is, 0.4 mg carbofuran kg −1 body weight in 0.5 mL ground nut oil orally, 30 days at the interval of 24 h. At the end of the treatment, all animals were anaesthetized with mild chloroform and sacrificed.
10% Carbofuran (10% CF
)
Preparation of Tissue Homogenates for Assay of AChE
Activity. The hearts from the sacrificed animals were removed and washed with ice-cold saline (0.9%, NaCl), blotted dry, and weighed. For AChE activity assay, heart tissues were homogenized (10%, w/v) in 50 mM phosphate buffer, pH 8.0 containing 0.2% Triton X-100 at 4 ∘ C using Remi homogenizer pestle coated with Teflon. The homogenate was kept in the capped centrifuge tubes for 30 min at 4 ∘ C with intermittent gentle shaking to solubilize the membrane-bound enzyme and then centrifuged at 10,000 ×g for 30 min at 4 ∘ C. The supernatant was collected in precooled eppendorf tubes and the pellet was discarded. This preparation was used for the assay of AChE activity as well as protein estimation.
Preparation of Tissue Homogenates for Activity Assay of Antioxidant Enzymes and Estimation of Biomolecules.
The 10% (w/v) homogenates of heart tissues were prepared in 0.25 M sucrose solution and centrifuged at 9000 ×g for 30 min at 4-6 ∘ C. The supernatants were separated by gentle decantation and used for assay of antioxidant enzymes and estimations of the levels of certain biomolecules.
Preparation of Serum from Rat
Blood. About 5 mL blood was collected from each animal in sterile centrifuged tube. The coagulated blood was centrifuged at 1000 ×g at 4 ∘ C for 10 min and the serum was collected as supernatant.
Assay of AChE Activity in the Tissue
Homogenates. The activity of acetylcholinesterase (AChE, E.C. 3.1.1.7) was assayed by the method of Ellman et al. [22] . The reaction mixture (3 mL) in quartz cuvette (1 cm light path length) contained 0.5 mM acetylthiocholine iodide (ATI), 0.5 mM DTNB [5, 5 -dithiobis-(nitrobenzoic acid)], and 50 mM phosphate buffer, pH 7.6. The change in absorbance was measured at 412 nm for 3 min. The specific activity of enzyme was calculated and presented as IU mg −1 protein using molar absorbance, 13.6 × 10 3 M −1 cm −1 . Assays were performed on UV-Visible double beam spectrophotometer (Thermo Scientific). The reaction mixture without enzyme protein served as a control in this assay.
Lactate Dehydrogenase (LDH) Activity
Assay. The activity of lactate dehydrogenase (LDH, E.C. 1.1.1.27) was assayed by the method of Horecker and Kornberg [23] in serum and the cell-free extracts of heart. The reaction was performed in quartz cuvette (1 cm light path length). The total reaction mixture (3 mL) contained 1 mL 0.2 M Tris-HCl buffer, pH 7.4, 0.15 mL 0.1 M KCl, 0.15 mL 50 mM sodium pyruvate, 0.20 mL 2.4 mM NADH, and suitably diluted enzyme protein. The enzyme activity was monitored as decrease in the absorbance at 340 nm for 3 min. The reaction mixture without enzyme protein served as a control in this assay system.
Estimation of Serum Lipids.
The contents of serum total cholesterol (TC) and high density lipoprotein (HDL) were measured spectrophotometrically at 560 nm by the method of Zlatkis et al. [24] . Cholesterol was used as standard to determine the value of unknown sample. For HDL measurement the supernatant of serum treated with phosphotungstic acid and MgCl 2 [25] was used; and the HDL content was determined according to the method of Zlatkis et al. [24] .
Estimation of TBARS Levels.
Lipid peroxidation was measured in the cytosolic fraction of heart tissues by following the method of Niehaus and Samuelsson and the results were expressed as nmol MDA/mg protein using the extinction coefficient of 1.56 × 10
Estimation of the Activities of Antioxidant Enzymes.
The activity of superoxide dismutase (SOD, E.C. 1.15.1.1) was measured by using the method of S. Marklund and G. Marklund [27] . It is a spectrophotometric measurement of optical density of coloured complex involving pyrogallol auto-oxidation at 412 nm for 3 min at the interval of 30 s with or without the enzyme protein. One unit of the enzyme activity was expressed as 50% inhibition of auto-oxidation of pyrogallol per min. The catalase (CAT, E.C. 1.11.1.6) activity was measured according to the method of Beers and Sizer [28] by measuring the decrease in the absorbance for H 2 O 2 consumption at 240 nm at the interval of 30 s for 3 min. One unit of CAT activity was defined as micromoles of H 2 O 2 decomposed per min using molar absorbance of H 2 O 2 (43.6 M −1 cm −1 ). The activity of glutathione-S-transferase (GST, E.C. 2.5. 1.18) was measured according to the method of Habig et al. [29] . The change in absorbance was recorded spectrophotometrically at 340 nm for 3 min at the interval of 30 s and the results were expressed as mole mL
Determination of the Levels of Nonenzymatic Antioxidants.
The total thiol content in the heart tissues was determined by the method of Ellman et al. [22] and modified by Sedlak and Lindsay [30] . The intensity of yellow colour was measured at 412 nm. protein.
The GSH content in heart tissues was determined by the method of Ellman et al. [22] . Briefly, the 250 L deproteinized supernatant of heart homogenate was mixed with 100 L of 6 mM DTNB, 300 L of 200 mM phosphate buffer (pH 8.0), and 50 L of 300 mM NaOH. The absorbance of the reaction mixture was measured at 412 nm. All the values were expressed as gm mg −1 protein.
Determination of Total Protein in the Heart and Serum.
The protein content present in different samples was measured according to the method of Lowry et al. [31] using BSA as a standard.
2.14. Statistical Analysis. Data are presented as mean ± standard deviation using Graph Pad Prism version 5.01 for Windows, Graph Pad Software, San Diego, California, USA. Data were analyzed using one way analysis of variance (ANOVA). Different groups were compared using Bonferroni's Multiple Comparison Test and considered significant at ≤ 0.05.
Results
Effect of Carbofuran and Vitamin C on the Activity of
AChE in the Heart of Rat. AChE catalyzes the hydrolysis of a neurotransmitter acetylcholine thereby facilitating the nerve impulse transmission. Carbofuran causes reversible inhibition of this enzyme. The effect of carbofuran was studied by * , * * , and * * * indicate the values significance at <0.05, <0.01, and <0.001, respectively. ns = nonsignificant at > 0.05 as compared to the control group. oral treatment of rats up to 30 days at the interval of 24 h with 5 and 10% LD 50 of carbofuran. Two groups of rats received pretreatment with vitamin C followed by exposure to two different concentrations of carbofuran. AChE activity was estimated in the heart tissues of treated rats. The results presented in Figure 1 indicated significant inhibition of the enzyme by 5 and 10% LD 50 of carbofuran, the extent of inhibition being 20 and 60%, respectively. It was concentration dependent. The pretreatment of rats with vitamin C resulted in significant recovery of the cardiac AChE activity, the extent of recovery being higher at lower carbofuran concentration. These results have been summarized in Table 1 .
Effect of Carbofuran on the Activity of LDH in
Heart of Rat. LDH catalyzes a reversible terminal biochemical reaction of conversion of pyruvic acid into lactic acid in anaerobic glycolysis. LDH is not the direct target of action of carbofuran. In order to assess whether carbofuran exerts any effect on the energy metabolism, in the present study the activity of LDH was estimated in the heart tissues of rats exposed to 5 and 10% LD 50 of carbofuran for 30 days at the interval of 24 h. The results presented in Figure 2 demonstrated that the enzyme activity was significantly inhibited in the heart tissues, the values of inhibition being 16 and 41%, respectively, at 5 and 10% LD 50 of carbofuran. The extent of inhibition was concentration dependent. The groups which received pretreatment of rats with vitamin C (100 mg kg −1 body weight) followed by exposure to above concentrations of the pesticide displayed protection from carbofuran mediated toxicity to the significant levels , the extent of protection being higher at lower carbofuran concentration tested. These results have been summarized in Table 2 .
Effect of Carbofuran on the Activity of LDH in the Serum of Rat.
In order to evaluate the pathophysiological effect of carbofuran on the rat heart tissues, the activity of LDH was monitored in the serum of the animal treated with the pesticide as mentioned in Section 2. The results presented in Figure 3 indicated that the pesticide treatment caused significant elevation in the level of LDH in serum, the extent of increase being 29.72 and 66.31%, respectively, at 5 and 10% LD 50 of carbofuran. Upon preatmebnt of rats with vitamin C exhibited significant recovery in the enzyme activity as the activity values were recorded to be close to that of control. These results have been summarized in Table 3 .
Effect of Carbofuran on the Level of Malonaldehyde (MDA), Total Thiol, and Reduced Glutathione (GSH) in Rat
Heart Tissues. The levels of MDA, total thiol, and GSH in the heart tissues were determined in order to assess the generation of free radicals and oxidative stress in heart due to carbofuran treatment. The results presented in Table 4 indicated that even the low concentration of carbofuran, that is, 5% LD 50 , was able to significantly increase the levels of MDA, total thiols, and GSH by 30.87, 37.9, and 63%, respectively. Upon two times increase in the concentration of carbofuran, that is, 10% LD 50 , these values were further enhanced to 65, 156, and 263%, respectively. The data indicated that the effect of carbofuran is concentration dependent. When the experimental animals were pretreated with vitamin C followed by exposure to carbofuran, the levels of MDA, total thiols, and GSH were observed close to that of control showing significant protection from the pesticide's intoxication in rat heart (Table 4) .
Effect of Carbofuran on the Activities of Antioxidant Enzymes (SOD, Catalase and GST) in Rat Heart
Tissues. Since it was observed in previous experiments that carbofuran treatment at subacute concentrations generated oxidative stress and increased the levels of antioxidative nonenzymatic biomolecules, the endeavour was made to evaluate the effect of the pesticide on the levels of the activities of enzymatic antioxidative indices. The activities of SOD, catalase, and GST were measured in the pesticide treated tissues as mentioned in Section 2. The results presented in Table 5 revealed that carbofuran even at low concentration, that is, 5% LD 50 significantly influenced the activities of these enzymes, the level of inhibition being 18, 22.7, and 13%, respectively. When the concentration of pesticide was raised to twofolds, that is, (10% LD 50 ), further higher level of inhibition in the activities of these enzymes was recorded, the extent of inhibition being 37, 35, and 36%, respectively, for SOD, catalase, and GST. The activities of these enzymes were also monitored in the heart tissues of the rats pretreated with vitamin C. The results presented in Table 5 demonstrated that the introduction of vitamin C reflected significant ameliorative effects as the values of these enzymes were observed to be close to that of the control. The extent of recovery was more at lower concentration of the pesticide (Table 5 ).
Effect of Carbofuran on the Levels of Total Cholesterol and HDL in Rat Serum.
Keeping in view the importance of the total cholesterol and HDL for the assessment of the pathophysiological status of heart, the experiments were conducted to estimate their levels in the serum of rat treated with two subacute concentrations of carbofuran as shown in Section 2. The results presented in Table 6 reflected The procedures for estimation of the activities of the enzymes were as mentioned in Section 2. * , * * , and * * * indicate the values significance at <0.05, <0.01, and <0.001, respectively. ns: nonsignificant at > 0.05 as compared to control. the alterations in the levels of total cholesterol and HDL in the serum due to carbofuran treatment. The pesticide at low concentration (5% LD 50 ) was found to significantly increase the levels of total cholesterol by 47%, which further increased to 77% at higher concentration (10% LD 50 ). In contrast, the levels of HDL were observed to be sharply decreased. The extent of reduction in HDL level was 35 and 64%, respectively, at 5 and 10% LD 50 of carbofuran. The levels of total cholesterol and HDL were also monitored in the serum from those rats which were pretreated with vitamin C. The data presented in Table 6 indicated that vitamin C could help restore their levels significantly as their values were recovered close to that of the control (Table 6 ).
Discussion
The chronic and acute impact of carbofuran on the key tissues of mammalian systems such as liver [5] and kidney [17] , nerve cells [10] , and erythrocytes of humans [32] have been studied using subacute doses of the pesticide. According to one report from Tonomura et al. (2009) [33] , the treatment of rat with a single subacute dose of carbofuran caused sharp variations in the levels of certain biomarkers of the heart such as activities of LDH and creatinine kinase as well as the level of troponin T. However, only limited information is available regarding the assessment of carbofuran toxicity in the mammalian heart after prolonged exposure of the experimental animal to carbofuran. Therefore, in the present study, an endeavour was made to evaluate the impact of carbofuran by exposing the rats to two subacute doses of the compound equivalent to 5 and 10% LD 50 at the interval of 24 h up to one month. Possibly, this is the first study of its kind to report carbofuran induced oxidative stress in the heart of a rat upon exposure of the experimental animal to two different subacute concentrations of the compound up to 30 days and the assessment of the ameliorative potential of vitamin C therein. The AChE is a membrane-bound enzyme which catalyses the hydrolysis of acetylcholine (ACh) at cholinergic nerve terminals. The inhibition of AChE by carbofuran is known ISRN Oxidative Medicine 7 to serve as a positive control. The results of the present study demonstrated that the subacute concentrations of carbofuran were able to sharply reduce the activity of AChE in the rat heart tissues. The extent of enzyme inhibition exhibited positive correlation with the concentration of the tested carbofuran. The inhibition of AChE activity from mammalian cardiac tissues by carbofuran has not been reported by any other worker. However, the inhibition of AChE in the rat heart by an organophosphate group of pesticide, diazinon, has been shown [34] . Apart from the heart, the AChE activity in the rat brain has been demonstrated by oral application of single subacute dose of carbofuran [10] .
Though the LDH is not the direct target of action by carbofuran, some workers have reported reduction in the activity of LDH in rat heart tissues due to the exposure of the experimental animal to single subacute dose of this compound [33] . In the present study, the prolonged exposure of rat up to 30 days to two different subacute doses of carbofuran also resulted in sharp decline in the enzyme activity in the heart of the rat. Similar to these observations, Gupta et al. [35] have shown that carbofuran at acute concentration was able to cause perturbations in the pattern of LDH isozymes in the target tissues of rat. The mechanism of action of carbofuran at the level of LDH, however, is not clearly known yet.
In contrast to the impact of carbofuran on LDH activity in the rat heart tissues, a sharp increase in the activity of this enzyme was recorded in the serum, which indicates the damage of cardiac cell membranes resulted in leakage of this enzyme in rat blood serum under the experimental conditions of the present study. Suggesting LDH as a cardiac biomarker, Tonomura et al. [33] have also reported similar results by exposing the rat to single subacute dose of carbofuran.
The increase in the basal levels of MDA and nonenzymatic antioxidants such as total thiols and GSH is considered the onset of oxidative stress in animal systems exposed to any xenobiotics. The underlying mechanism of pesticide toxicity is believed to be via generation of free radicals and production of oxidative stress. The results from the present study have demonstrated that the treatment of rats with subacute doses of carbofuran for prolonged period (30 days) caused significant elevation in the levels of MDA, total thiols, and GSH, suggesting, thereby, the generation of carbofuran induced oxidative stress in the cardiac tissues. With other pesticides such as diazinon [34, 36] and lindane [37] similar results have been reported in the cardiac tissues.
The available information indicates that the inhibition in AChE activity due to action of carbofuran causes increase in ACh concentration at the synaptic junctions. It develops hyperexcitation resulting in increase in the flow of oxygen and consumption of ATP in the muscle and brain than its production . This metabolic stress in tissue causes generation of oxidative stress due to overproduction of reactive oxygen species [2, 10] . The polyunsaturated fatty acids undergo lipid peroxidation (LPO) by reactive oxygen species (ROS) under stress condition and the end product of it is MDA [38] . The increase in the level of MDA indicates the increased level of oxidative stress induced by the toxicant in the key tissues of the body such as brain, liver, heart, and other organs and plasma membrane of RBCs [5, 14, 36, 39, 40] . Carbofuran has also been shown to induce oxidative stress in the skeletal muscles due to increased generation of reactive oxygen and nitrogen species [41] . Some workers have speculated that the enhancement in the generation of reactive oxygen species by carbofuran may be due to the inhibition of cytochrome c oxidase and creatine kinase [42] [43] [44] . Also, the carbofuran induced nitic oxide synthase activity has been implicated in the overproduction of superoxide anions [45] .
Glutathion is a tripeptide which eliminates reactive oxygen (ROS) and nitrogen species (RNS) produced during normal physiological activities and/or during oxidative stress [46, 47] . The results from the present investigation demonstrate the significant increase in the level of GSH in the heart due to prolonged exposure to carbofuran as compared to control group animals. Under this condition, the increased level of GSH in cardiac muscles may contribute to improve the antioxidant defense mechanism evolved by the animal system to protect it from the damage caused by free radicalmediated oxidative stress. These results corroborate with that reported in the kidney of rat exposed to carbofuran for 28 days at 1 mg kg −1 body weight [17] . In contrast to these findings, the level of GSH in rat liver has been reported to be drastically reduced after acute exposure to carbofuran [5] . The lindane treatment also caused decrease in the level of GSH in cardiac tissues of the rat [37] .
The antioxidant enzymes such as SOD, catalase, and GST are best characterized by their first line of defense against oxidative stress as they are believed to maintain balance between the production of reactive oxygen species and antioxidant defense system as a consequence of oxidative stress [48] . The damage due to superoxide anion is controlled by SOD which catalyses the conversion of superoxide anion into nontoxic molecular oxygen and toxic H 2 O 2 . Further the toxic H 2 O 2 gets converted into nontoxic molecules such as water and molecular O 2 [49] . In the present study, the significant decrease in the levels of these antioxidant enzymes due to prolonged exposure to carbofuran indicates the onset of carbofuran induced oxidative stress in the rat heart tissues. The reduction in the inhibition of enzymatic antioxidants demonstrated the failure of antioxidant system, which may result in cardiac toxicity. Similar observations have been made in kidney of rat due to its chronic exposure to the same pesticide [5, 17] . Another organocarbamate pesticide, methiocarb, also causes reduction in the activities of SOD and catalase in liver and kidney of rats [50] , which may be responsible for generation of superoxide radicals [51] . In contrast to these observations, the single subacute dose of carbofuran in the rats showed elevation in the activities of SOD and catalase in brain [16] and erythrocytes [9] . The elevated activities of SOD and catalase have been described to be associated with the adaptive mechanism of the antioxidative defense system. Other pesticides such as lindane (an organochlorine) [37] and fenitrothion (an organophosphate) [52] have been reported to induce the activities of SOD and catalase in cardiac and liver tissues, respectively.
The estimates of HDL and cholesterol in blood serum have been used by many workers as potential biomarkers to 8 ISRN Oxidative Medicine assess the health status of heart. The serum lipid alterations act as indicator of cardiac dysfunction. The increase in the level of cholesterol and decrease in the level of HDL in the blood serum as observed in the present study indicate carbofuran induced perturbations in the heart of the experimental animal. The data corroborate with the results reported by Rai et al. [53] in rat exposed to subacute concentrations of carbofuran and cartap for 7 days. Similarly, in another study with sodium arsenite, significant increase of total cholesterol in serum was obtained [54] .
Vitamin C, a potential antioxidant, has been shown to reduce the load of free radicals by neutralising these highly reactive chemical species via oxygen scavenging, hydroperoxide reduction, and stabilization of free radicals into neutral and nontoxic chemicals [55] . The carbofuran induced oxidative stress in rats in the present study in terms of rise in the levels of MDA, GSH, and total thiols was found to be reduced to near normal level upon pretreatment of the experimental animals with vitamin C (100 mg kg −1 body weight) or the level of oxidative stress. Vitamin C treatment was also observed to ameliorate the altered levels of SOD, catalase, and GST in the heart tissues of rat exposed to carbofuran. The results of the present study are in conformity with those reported by other workers [9, 56] . The ameliorative effect of vitamin C has also been demonstrated by Rai et al. [10] with membranebound AChE of RBC from rat exposed to carbofuran as well as in the rat kidney intoxicated with another group of pesticide, lambda-cyhalothrin [20] . In another in vitro study with treatment of human RBCs with vitamin C followed by exposure to varying concentrations of carbofuran, the protection from pesticide mediated genotoxicity has been shown via reduction in oxidative stress [18] .
Conclusion
The results of the present work have indicated that carbofuran was able to generate oxidative stress in rat heart tissues at two different subacute concentrations when treated for 30 days at the interval of 24 h. It caused elevation in the levels of MDA, total thiols, and GSH in heart tissues. It also reduced the activities of SOD, catalase, and GST which would have contributed in rise into the level of oxidative stress . The carbofuran mediated inhibition in the activities of AChE and LDH indicated the impact of the pesticide on the nerve impulse transmission and energy generation systems in the heart. The increased level of LDH activity in rat blood serum indicated leakage of this enzyme due to damage of cardiac cells. The increase in cholesterol and decrease in HDL in rat blood serum indicated adverse impact of carbofuran in rat heart tissues. The pretreatment of rats with vitamin C followed by exposure to carbofuran suggested its ameliorative potential as it could reduce the oxidative stress and help recovery the aforesaid parameters to near control values. The results from the present study reflect that vitamin C could be utilized as an effective supplement in appropriate management of pesticide toxicity.
